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A  co m p u ta tio n a l m o d e llin g  p e r s p e c tiv e  on b u c c a l  
expan sion  d yn a m ic s  an d  w a te r  f lo w  p a tte r n s  in  su c tio n  
fe e d in g  fish
By perform ing  a su d d e n  expansion  of the  m ou th  cavity while 
approach ing  a prey, suction  feeders  g en e ra te  a flow of w a te r  
t h a t  d ra w s  th e  p re y  in to  th e  m o u th .  This p r o c e s s  involves 
extremely unsteady  flow, externally as well as internally of the 
expanding mouth  cavity. Especially for flow pa t te rns  inside the 
m o u th  cavity  and  r e la te d  dynam ics  (e.g. th e  forces ,  m usc le  
p o w e r  r e q u i r e m e n t s  a n d  e n e r g e t i c s  fo r  e x p a n d i n g  th e  
buccopharyngeal cavity) our current knowledge is largely based 
on  m o d e l l in g  s tu d ie s .  An o v e rv ie w  is g iv en  of o u r  r e c e n t  
insights based  on models of fish using  the  computational fluid 
dynam ics (CFD) m ethod . CFD shows a g radua l ly  developing 
boundary  layer, which causes the  h ighest velocity s tream  to be 
ce n tra l  in the  expand ing  cavity, w ith  peak  velocit ies  slightly 
p o s t e r i o r  of th e  m o u th  a p e r t u r e .  C o n s e q u e n t ly ,  a l th o u g h  
r e la te d  to size, th e  effec ts  of v iscous fo rces  in th e  flow can  
g e n e r a l l y  n o t  b e  n e g l e c t e d .  T h e  d i s p l a c e m e n t  o f  
freely-suspended, non-reacting prey items by suction is entirely 
i n d e p e n d e n t  o f  t h e  s h a p e  o f  t h e  p r e y .  F i n a l l y ,  t h e  
(hydro)dynamical consequences of opening of the opercular and 
branchiostegal valves are explored, since this distinguishes the 
u n i d i r e c t i o n a l  n a t u r e  of  s u c t i o n  f e e d i n g  in  f i s h  f ro m  
b id i re c t io n a l  su c t io n  fee d in g  as o b se rv e d  in am p h ib ia n s  or 
turtles.
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E s tim a tin g  D u ra tion  o f  In fec tio n  U sin g  A n tib o d y  A v id ity  
A ssays: A  P o te n tia l L im ita tio n
The n u m b e r  of r e c e n t  infections in a host-pa thogen  system  is 
often reflective of the  ra te  of transmission, or force of infection. 
T rad it iona lly ,  la b o r io u s  m a rk - r e c a p tu r e  s tu d ie s  h ave  b e e n  
necessary  to estimate duration of infection in wildlife. Recently, 
av id i ty  a s sa y s  h av e  b e e n  u s e d  to  in fe r  a g e  of in fe c t io n  a t  
individual and population levels; however, these  assays may be 
confounded by antibody concentration. We examined the  effect 
of t i t e r  on an enzyme-linked im m unosorben t avidity assay  for 
Sin Nombre virus (SNV), a H antavirus  primarily carried  by the 
d e e r  m ouse  (P ero m yscu s m an icu la tu s). Avidity indices  w ere  
posit ively  co r re la te d  with  anti-SNV se ru m  an t ibody  t i te r s  in 
in fec ted  animals; expe r im en ta l  dilution of t i t e r  in the  avidity 
assay significantly decreased  avidity scores. Furtherm ore, 20% 
of s a m p le s ,  m o s t ly  o ld e r  in f e c t io n s  w i th  low t i t e r s ,  w e re  
misclassified  as r e c e n t  infections. T hese  resu lts  su g g e s t  th a t  
the  avidity assay  classifies sam ples  with  low ti te rs  (including 
som e o ld e r  in fec t io n s  and  u n in f e c te d  ju v e n i le s  w ith  d ilu te  
m a te rn a l  antibodies) as r e c e n t  infections rega rd le ss  of ac tual 
infection history. As a result ,  the  assay  tends  to overest im ate  
the num ber of recen t infections in a population, which may lead 
to falsely high estimates of public health  risk.
31 .1  VANDENBROOKS, John M.*; MUNOZ, Elyse E.; WEED, 
Michael D.; HARRISON, Jon F.; Arizona State University; 
jvandenb@ asu.edu
The R o le  o f  A tm o sp h e r ic  O xygen in  th e  E vo lu tion  o f  
I n se c t B o d y  S ize
While not all models agree, most estimate tha t  over the last 500 
million years atmospheric  oxygen has varied from 12% to 31%. 
T h e  g i a n t  i n s e c t s  o f  t h e  l a t e  P a le o z o ic  o c c u r r e d  w h e n  
a tm o sp h e r ic  P 0 2  (aP 02)  was hyperoxic , h in ting  a t  a ro le  of 
oxygen  in  th e  ev o lu t io n  of i n s e c t  bo d y  size. H ow ever ,  th e  
paucity of the insect fossil record  and the complex interactions 
between  oxygen levels, organisms and communities have made 
i t  d i f f i c u l t  to  d e f i n i t i v e l y  a c c e p t  o r  r e j e c t  a h i s t o r i c a l  
oxygen-size link. W e 've ca r r ie d  out a un ique  com binat ion  of 
m odern rearing and fossil studies to tes t this link. The results of 
our rea ring  studies support a link b e tw een  oxygen and size: 1) 
m ost insects  develop sm aller  body sizes in hypoxia, and some 
d e v e lo p  a n d  evo lve  l a r g e r  s iz e s  in  h y p e r o x ia ;  2) i n s e c t s  
developm entally  and evolutionarily  red u c e  th e ir  p roportional  
investm ent in the  t rachea l system w hen  living in h igher  aP02; 
and 3) la rg e r  insects  invest m ore of the ir  body in the  t rachea l 
system, potentially leading to g re a te r  effects of aP 02  on large 
insects .  These provide m echanism s by which t rac h ea l  oxygen 
delivery may be involved in the small size of m odern insects and 
hyperoxia-enabled Paleozoic gigantism. The results of our fossil 
s tudies  also support  the  oxygen-size link: 1) the  maximal and 
a v e r a g e  size  of P ro to d o n a ta  an d  P a le o d ic ty o p te ra  fo ss i ls  
c o r r e la te  p o s i t iv e ly  w ith  m o d e le d  a tm o s p h e r ic  oxygen, 2) 
B lattodea  fossils showed little varia tion  in maximum size, but 
average  size was co rre la ted  with a tm ospheric  oxygen, and 3) 
the  g iant ar thropods,  such as A rthropleura  , a re  outliers to an 
overall  p a t t e r n  of oxygen-m edia ted  body size change .  T hese  
resu lts  s t ren g th en  the  a rgum en t  th a t  a tm ospheric  oxygen has 
played a role in the evolution of insect body size. Supported by 
NSF EAR 0746352.
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C old a cc lim a tio n , m ig ra tio n , an d  p h e n o ty p ic  
co m p ro m ise s  in  a lo n g  d is ta n c e  m ig r a to ry  sh o reb ird
Although there  is considerable knowledge on wintering ecology 
of m i g r a t o r y  s h o r e b i r d s ,  l i t t l e  is k n o w n  on  p h e n o t y p i c  
a d ju s tm e n ts  to cold  an d  how  th is  m ay  in t e r a c t  w ith  o th e r  
c o n s t r a in t s  in  sp e c ie s  sp e n d in g  th e i r  w in te r s  a t  n o r th e r n  
l a t i t u d e s .  In th i s  ta lk ,  I w ill  r e v ie w  o u r  r e c e n t  w o rk  on 
physiological ad jus tm en ts  in re la t ion  to w in ter  and m igra tory  
constraints in a species well known for its phenotypic flexibility: 
th e  r e d  kn o t  (C alidris c a n u tu s  is la n d ica ). Is la n d ica  a r e  th e  
n o r th e rn m o s t  w in te ring  su b spec ie s  of knots,  spend ing  th e i r  
w in te rs  on cold and  windy m udf la ts  of W e s te rn  E u rope  and 
b reed ing  in the  C anad ian  and Greenlandic  High Arctic. I will 
sh o w  how  t h e s e  b i r d s  im p ro v e  t h e i r  w in t e r  t h e r m o g e n ic  
capacity and cold endurance  by simple body mass adjustments 
and how this may be com prom ised when conflicting w intering 
c o n s t r a i n s  a r e  c o - o c c u r r in g .  I w ill  a l so  d i s c u s s  e n e r g y  
m a n a g e m e n t  s t r a t e g ie s  in th e s e  m o llusc ivore  b i rd s  d u r in g  
ex ten d e d  per io d s  of w in te r  fas t ing  such  as those  asso c ia te d  
with high tide and stormy w inter weather. Finally I will p resen t 
our r e c e n t  work on gu t recons truc t ion  following m igra tion  to 
the  Arctic b reeding ground, asking w hether  this may constrain 
digestive capacity  and explain an observed s teady  inc rease  in 
basal metabolic ra te  over time.
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